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m Steam Enhanced Extraction (SEE)
Operations Progress

m Near-term SEE Operational Plan

m SEE to Enhanced Bioremediation (EBR)
Transition Criteria Status
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Target Treatment Zone {TTZ) Soil Volume 410,000 cubicyards {cy)

er Depth of Treatment 145 feet {ft}) below ground surface {bgs)

Last Process Data Update 10/05/15

Estimated Total Days of Operation 422 days

Total Energy Used 3,652,943 kWh

Total Steam Injected million pounds (Ibs}

Steam Injected Vs Projected 71 %

Ih
PID readings) s

Average Water Extraction Rate Last Week 91 gpm

Total Recovered Light Non-Aqueous Phase Liquid
156,763 gallons

Total Treated Water Discharge 76,065,000 gallons
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| SEE System Operations 8 September — 5 October

>
>

g
;ﬁ

Average liquid extraction rate of 97 gpm
Typically five to six eductor skids were online at a time

Average steam injection rates of 14,500 Ibs per hour in the LSZ, 8,400
Ibs per hour in the UWBZ, and 3,200 Ibs per hour in the CZ

Thirty-two steam wells online — injection rates at wells have varied due
to pressure cycling conducted in the CZ, LSZ and UWBZ

SEE discharge continues to meet compliance standards
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11/3

Vapors continue to be rich in organics
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Steam Injection Steam Injection, Rate
=g Steam injection Cumulative fibs) =g | S7 Steam injection Cumudative s} o Stearn tnjection Daily Rbs/hu} =1 ST Steaim injection Daily [ths/hr}
e (7 Steam injection Cumulative [ibs] weepeon {NBZ Steaim Infection Cumulative [ibs] o CZ Shear Iriection Daily [1bs/fr} o 2 iniection Daify ekl
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Date Date

= Current average steam injection (operational period ending 5 October
2015)
» CZ 1,800 Ibs/hr ~ 4 gpm as water
» UWBZ 9,600 Ibs/hr ~ 19 gpm as water
» LSZ 0 Ibs/hr ~ 0 gpm as water (offline)
= Total steam injection rate equivalent to 23 gpm of water
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Water Balance, Cumulative Water Balance, Rates

....... w-Liguid and Condensate Bxtracted Cumudative [gations] - Liguttd and Condensate Extracted Daily fgpmi e Cppcdenisate Extracted Dally [zpim}
g Condensate Extracted Cumuiative fgalions] L . L .
e il Ectracted Cumttative Tgations] gt sl Extraction Rate fzpr] ~egpen St fnjection {as water) Daily [gpm]
e Steam Injection {as water} Cumulative fgallons]

Lo o N ; e Nt Licizidh Extraction Dally fgpm]
g Mot Ligutid Extraction Cumulative [galons]

g

70,000,000

£0,000,000
150

50,000,000
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Liquid Extraction Rate [gpm)]
& a8
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Cumulative Liguid Extracted [gallons]

10,600,000
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WB( g e P
5/29 131/18

g/29 11/18 1/7 2/26 4/17 6/6 7426 8/14 11/3
Date

7/26 /14 1113

=  Currently, the condensate production rate is ~ 0.5 gpm

= Based on energy balance analysis, additional steam is likely being pulled
into and condensing in the liquid extraction system; this steam extraction
is not measureable and is not accounted for in condensate production
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Water Rate[gpm)

Eductor Flow by Zone Eductor Cumulative by Zone
| w7 {BDOO] i | G7 {zom] s LAWBZ {mpan}
180 : oo C7 Tostal fgalions} g | 57 Tortaf [galions} s UNYRZ Total {gations]
50,000,000
160
45,000,000
140
= 40,000,000
g
120 ) = 35,000,000
L e
106 > 4 t Y 30,000,000
3 d g
80 % 25,000,000
26,000,000
50 i;
& 15,000,000
40
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20 5,000,000
Q by : —-— O AR
8/28 11/18 147 2726 4417 6/6 7726 g/14 11/3 8/28 11/18 /7 /25 4/17 &/6 7/26 9/14 113

Eductor extraction rates per zone are based on individual eductor feed and

return meters
Extraction: injection ratio for the week ending 5 October 2015: 5.4:1 based
on average flows

» CZ: 6.4:1 (8 September — 5 October 2015 period: 2.6:1)

» UWBZ: 1.4:1 (8 September — 5 October 2015 period: 1.5:1)

» LSZ: extraction rate 73 gpm, currently no steam injection (8 September
5 October 2015 period: 2.4:1
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Steam Injection and Water Extraction Balance

sooogfiooo | S7 rater extraction rate {hased on eductor flow meters) [gomi

= L5 steant injection rate [gpmi

- LIWEZ water extraction rate {based on eductor flow meters) [gpm}
oo UWEBT steant injection rate [gom]

wecndifecceee 7 Wate 1 extraction rate {based on eductor fiow meters) [gpm]
<-wee~ OF steam injection rate {gpmi

180
163
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o4
g 120
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PRI I L e
g i)
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40 -
20 ‘B TR R A O g S
6] : e : st
8/29 11/18 /7 27268 4/17 6/6 7/26 3/14 11/3
cZ UWBZ LSZ
[gallons] [gallons] [gallons]
Water extracted 7,837,000 19,542,000 45,015,000
Water injected (as steam) 1,570,000 6,573,000 19,278,000
Net extraction 6,267,000 12,969,000 25,737,000

Note: water extracted to date per zone is based on individual eductor meters
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Water level increases are temporary
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Monitoring Well 9/11/2015 9/18/2015 9/25/2015 10/2/2015

CZ/UWBZ Wells | Before bailing | AfterBailing [Before bailing After Bailing | Before bailing After Bailing Before bailing After Bailing
ST012-C01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-C02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
UWBZ Wells

ST012-U02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U37 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-U38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-RB-3A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
LSZ Wells

ST012-W1l 13.30 0.27 0.10 0.10 50.23 0.12 31.59 11.24
ST012-W12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W30 0.20 0.20 0.08 0.08 0.18 0.18 0.23 0.23
ST012-W34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ST012-W37 81.25 2.35 52.19 0.38 97.21 26.43 82.85 20.85
ST012-W38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Operational Plan through November 2015
@ Pressure Cycling
» Continue pressure cycling in the CZ, UWBZ and LSZ
» Continue steam injection into dual-purpose well UNBZ 20

» Increase and optimize injection and extraction rates to maintain an
acceptable water balance

@ Additional Operational Sampling
» Continue biweekly vapor influent sampling

> Continue sampling select MPE wells to evaluate progress (evaluate
and refine protocols)
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m Primary SEE to EBR Transition Criteria

> Achieve target subsurface temperatures
> Diminishing mass removal rates

m Secondary SEE to EBR Transition Criteria

> Completion of Pressure Cycling: Repeat until no additional
significant increases in effluent vapor concentrations observed
when steam pressure is reduced

> Benzene Concentrations: Target benzene concentration of 100 to
500 pg/L range within the TTZ (interior of the TTZ)

> Steam Injection: Used as a guideline to measure progress vs. design

Integrity — Service — Excellence
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Average Temperature by Zone

e 200 (7 Temperabure P03 i Aug, UWBZ Temperature [} @ Avyg. 157 Temperature [°C)

120

Temperature [C]

20

9/26 11/15 1/4 2/23 4/14 6/3 7/23 9/11 10/31

Date

CZ Target Treatment Temperature: ~100°C
UWBZ Target Treatment Temperature: ~114°C
- ~134°C

= Average
temperatures
continue to increase
in CZ and UWBZ

= LSZ temperature
sensors 240 ft bgs
and lower generally
do not show steam
temperatures
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it or above steam temperature (2210 °F)

: below steam temperature (<210 °F)

Formation Temperatures

Well Re‘;‘:::"’ R:;‘:;d Ex:’:‘aa:;n 8/3/15 | 8/5/15 | 8/7/15 | 8/11/15 | 8/13/15 | 8/18/15 | 8/20/15 | 8/25/15 | 8/27/15 | 9/1/15 | 9/3/15 | 9/7/15 | 9/9/15 | o/14/15 | 8/15/15 | 9/17/15 | 9/21/15 | 9/23/15 | 8/20/15 | 10/1/15

Weli
Steam Temperature Max

location |1 rature | (Calculated) Temp[fFr]ature S 5 U 5 o O T o5 O 5 O o O O O o O 2 o5 5 O 5 O O B B 5
CZ07 Perimeter No
CZ08 Perimeter No
CzZ09 Perimeter No
CZ10 Perimeter No
Cz11 Interior Yes
Cz12 Perimeter No
€713 Perimeter No
€714 Perimeter No
€715 Interior Yes
€716 Perimeter No
€717 Perimeter No
718 Perimeter No
719 Perimeter No
720 Outside CZ No

Liquid extraction has been disabled at CZ11 due to a well maintenance need. Consequently, formation
temperatures could not be estimated. Vapor temperatures show steam breakthrough at CZ11.

Please note that the table has been truncated due to spatial constraints and only includes data from 3 August
2015 to present

]
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S OURPER WATER BEARMG ZORE (URBZL = 10
IS LOWER RATURATED ZOME (AR w 13
W DOBBRLE YORE 0 = 18
MR UPRER WATER BEMENG TR (UWBZ) = 34
MPE LIRER SATURSTED JONE {1500 « 3%
DUSL PURPOSE UPPER WATER BEARME FONE
JUNBEY = 2
TEMECRATURE MOPETIRDIC LOTBTEN = 17
THEATHENT EOLEPMENT AFEA
LOWER SATURATED ZOKE BOULMDARY
UPRER WATER BEAMING ZONE SOANDARY

REPAON, SOME

X

»
L
L4
-

3 & L O%4
i CORYRIHT BRE TERBATHERG R0, ML PRV RESERQER

Estimated formation temberature br observed vapor température S070°F
QO Estimated formation temperature or observed vapor temperature < 210°F
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Formation Temperatures
well Re:‘;‘::"’ R:;‘:;d Ex‘t'r:':::m 8/3/15 | 8/5/15 | 8/7/15 | 8/11/15 | 8/13/15 | 8/18/15 | 8/20/15 | 8/25/15 | 8/27/15 | 9/1/15 | 9/3/15 | 8/7/15 | 9/9/15 | 9/11/15 | 8/15/15 | 9/17/15 | 9/21/15 | 9/23/15 | 9/29/15 | 10/1/15
Well
Steam Temperature Max
Lacation T Tempera@ure [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F] [°F]
empearature (Calculated)
UWBZ01 interior Yes
UWBZ02 interior Yes
UWBZ04 Interior Yes
UWBZ05 interior Yes
UWBZ06 interior Yes
UWBZ10 Perimeter No
UWBZ17 Perimeter No
UWBZ18 Interior Yes
UWBZ19 Perimeter No
Dusl Phase -
UWBZ20 Perimeter No
UWBZ21 | Outside UWBZ No
UWBZ22 Perimeter No
UWBZ23 | Outside UWBZ No
Dual Phase -

UWBZ24 Perimeter No
UWBZ26 | Outside UWBZ No
UWBZ27 | Outside UWBZ No

at or above steam temperature (2210 °F}
: below steam temperature (<210 °F)

Please note that the table has been truncated due to spatial constraints and only includes data from 3 August
2015 to present
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S CORBLE TONE (07} = B
S OURPER WATER BEARMG ZORE (URBZL = 10
IS LOWER RATURATED ZOME (AR w 13
W DOBBRLE YORE 0 = 18
MR UPRER WATER BEMENG TR (UWBZ) = 34
MPE LIRER SATURSTED JONE {1500 « 3%
DUSL PURPOSE UPPER WATER BEARME FONE
JUNBEY = 2
TEMECRATURE MOPETIRDIC LOTBTEN = 17
THEATHENT EOLEPMENT AFEA
LOWER SATURATED ZOKE BOULMDARY
UPRER WATER BEAMING ZONE SOANDARY

REPAON, SOME

»
L
L4
-

3 & L O%4
i CORYRIHT BRE TERBATHERG R0, ML PRV RESERQER

Estimated formation temberature br observed vapor température S070°F
QO Estimated formation temperature or observed vapor temperature < 210°F
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Formation Temperatures
well Requiredto | Reached VAPOT o ray1s 875715 877715 | 8/11/15 | 8/13/15 | 8718715 | 8720715 | 8725715 | fzaas | sya/as | opags | opazas | opejas | syaasis | op1syas | ojiaas | ofansis | epzapas | sf2e/is | 1071715
Reach Steam Extraction

Well

Location Steam |Temperaturs Tem;“f:rxature I T T T 2 T O T O e 2 O 2 O O < O O O O 2 O 2 B O o O O o B B o B A

Temperature (Calculated)

15201 interior Yes Sw s w
15202 Interior Yes \\\X\\\\ e i --
17504 Interior Yes \\\\ \\\\ -
15205 Interior Yes N E
15706 interior Yes
15708 Perimeter No \
lsz11 | Perimeter No \\\\\\‘\\\\\_- --m
15712 | Perimeter No | No | w6 | g | aa | 7 2 mm
15213 Interior = I - e -- | w s e
1214 | Perimeter No | No | 15 | 4 10 . -
15215 Interior Yes \\\V\\\\\\ o ]
15716 Interior Yes \ e L
1sZ17 Perimeter No \\ -
15728 Perimeter No
15729 Perimeter No
15730 interior Yes
15731 interior Yes
15232 Interior Yes \\\\ \
15733 Perimeter No \\\&\\\\_ 5 9
15234 Interior Yes \\Nﬁ\\_
1SZ35 Perimeter No \ \\\_ %
15736 Perimeter No \\\\ \
15737 Perimeter No \\\§ \\\\ﬂ
15738 | Perimeter No TRmEL] me | s | own |
15739 | Perimeter No | No I ms i || o ; : B
15240 Interior v Bomm 15 - P
1242 | perimeter no Mmoo [ : : ] --

at or above steam temperature (2210 °F}
: below steam temperature (<210 °F)

*Highlighted vapor extraction temperatures below 210°F assumed to have been at steam temperature at depth

Please note that the table has been truncated due to spatial constraints and only includes data from 3 August
2015 to present
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QO Estimated formation temperature or observed vapor temperature < 210°F

Integrity — Service — Excellence

ED_005025_00020277-00026



Integrity — Service — Excellence
ED_005025_00020277-00027



Operational data reviewed to determine initiation of

pressure cycling:
> Multi-phase Extraction (MPE) Well Vapor Extraction Temperature
> Temperature Monitoring Point Data

Calculated MPE Well Formation Temperature

‘;//
/

Pressure Cycling Status by Zone:

Pressurization

Depressurization

*Please note that dates in the table above are the dates that pressurizations or depressurizations were initiated
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Project Progress, Mass Removal {Total}

i Thermal Accelerator inlet Mass Load {based on PID} Cumutative {ibs]
@ Thermal Accelerator fnlet Mass Load {based on Lab) Cumulative [ihs}
oo | NAPE Mass Cumulative fibs]

wagpee To ] Mass Cursuiative {based on PID and LNAPL) [ibs)

2,000,600

1,800,000

1,600,000

1,400,000

1,200,000

1,000,000

Mass Removal [lbs]

800,000

600,000

400,000

200,600 -

0
B/259

13/18 /7 2/26 4/17 6/6 7/26
Date

S/14 11/3

Mass Removal [lbs/day]

Project Progress, Mass Removal Rate

- Thes mal Accelerator infet Mass Load Daily {based on PID) [lbs/day]

repore TH

at Accelerator intet Mass Load {based on tab} Daily [Hos/day]

e Thermat Accelerator tnlet Mass Load Daily {based on FID} fibs/day}

seogipooc | NAPL Wiass Daily {second axis} [ibs/day]

30,000

- 25,000

20,000

- 15,000

8/29

11/18

S e

17

2/26

4717 6/6‘ . 7/26 af14

Date

- 10,000

- 5,000

1173

LNAPL Mass Removed [lbs/day]

=  Total Contaminant Mass Removal: 1,730,578 Ibs recovered
= An estimated 1,031,501 Ibs (156,763 gallons) as non-aqueous phase liquid (NAPL)
= An estimated 699,078 lbs of mass (PID) removed in the vapor phase (equivalent to

106,242 gallons)
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C7 Prassurization

s T OF] Bass Removal [based on PID and ENAPL)
we e o F Depressusization

- e WEBZ Depressurization

o 87 Depressurization

s | §7 Pregsurization

Mass Removal [Ibs/day]

30,000

25,000

20,000

15,6000

16,600

5,800

0

4/17 6/6 7/26 9/14 11/3

Date

5729 11/18 1/7 2726

UWEBY Pressurization 4

Peak mass
removal
occurred
April - June
2015 (vapor
and NAPL
phases)

]
i
§
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Dissolved phase
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m Primary Purpose: Provide initial screening level
benzene concentrations throughout the CZ, UWBZ
and LSZ

2 Benzene concentrations estimated at each MPE well
location

> Inputs: Motive Water Flow Rate; Motive Water Benzene
Concentration; Return Water Flow Rate; and Return Water Benzene
Concentration

> Estimates:

g Groundwater Extraction Rate (based on difference between motive and
return flow)

# Groundwater Concentration (based on mass balance calculation)
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Variability noted between sampling rounds

Factors affecting concentration estimation

> Flow meter accuracy
> Motive water concentration
# Representative of overall conditions (mix of CZ, UWBZ, and LSZ)

2 Includes variability of benzene concentration depending on SEE
operations (e.g., current pressurization/depressurization status in each

zone)
2 Includes contribution of groundwater from outside the TTZs

» Capture and condensation of steam in the liquid stream
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m Refinement of current sampling approach to reduce
variability:
> Sampling after system is isolated to one zone (allows motive water
to equilibrate to one zone)

> Sampling after vapor extraction line has been turned off (reduces
potential steam capture and condensation in the liquid stream)

m Testing alternative sampling approach
> Using bailers/other direct pumping methods (more direct
measurement of groundwater)
# Requires well shutdown and wellhead removal
# Eductor and piping may hinder sample collection
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TerraTherm’s Energy Balance has been updated to include calculated heat
losses

Heat losses are a combination of heat lost below the TTZ, above the TTZ and
outside the TTZ

App

)ﬁ

A4

roach:

Based on the original SEE model, cumulative modeled heat losses were calculated for
each operational phase (i.e., heat up, pressure cycling)

The heat losses were compared to the cumulative energy added as steam for each
operational phase

The percent of total steam energy “lost” was calculated by comparing modeled heat
losses to modeled steam injection

Since the actual steam injection rates at ST012 have been different than originally
modeled, the percent heat loss calculated for each operational phase in the model was
applied to the actual steam injected to get the calculated heat losses during operation

The calculated heat losses during operation are subtracted from the net energy injected
to determine the "net energy with heat losses™ shown on the Energy Balance figures
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m Heat losses (kW)
increase as the site Energy Balance, Rates
heats up - as the steam
bubble expands, the
surface area of the

. REEy
heated area increases 1
and so do the 12,000
associated heat losses 10,000
# During recent pressure . BOOO
cycling events, the heat £
losses stayed relatively -l
Pl EEL I
stable .
. 22000
® During the pressure & |
cycling phase the o
temperature is stable 2,000
(except in some areas of 4,000
the TTZ where heat up is 6,600
still active) and the net 828 W8 W7 e 17 86 78 8fi4 113
energy is close to zero Date
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# Net energy injected
was positive in the
heat up phase

# Cumulative net energy
injection is more or
less flat during
pressure cycling — as
much energy is
extracted as injected
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Pressure Cycling CZ: Currently in the initial depressurization, pending pressurization

Status UWBZ: Currently in the fourth pressurization/depressurization cycle

LSZ: Currently in the third pressurization/depressurization cycle

Benzene Overall decline in dissolved phase benzene concentrations

Concentrations . . L
Groundwater sampling events scheduled to refine benzene distribution
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# Primary transition criteria met (subsurface temperatures and mass
removal). Pressure cycling mass removal also diminishing (secondary
transition criteria). Focusing on further groundwater concentration status.

# Additional sampling and projected end of steam injection:
> 16 Oct - Receive round of UWBZ MPE well samples collected with vapor off.
Refine final sampling approaches

> Week of 19 Oct — Receive latest round of LSZ MPE well samples by direct
collection method (bailer/foot valve apparatus). Refine final sampling
approaches

Week of 26 Oct - collect groundwater samples in the LSZ
Week of 2 Nov - collect groundwater samples in the UWBZ and CZ
Week of 9 Nov - Receive and compile data
Week of 16 Nov — Review and discuss shutdown (BCT meeting)
» 20 Nov - Shutdown of steam
# Sample planning is dynamic in response to results received at each round.
Changes are likely.

A A A 4
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# Groundwater concentrations above 500 pg/L expected to remain at TTZ
perimeters because of known contamination outside of TTZ (predicted in

Work Plan).
m Contribution from perimeter likely enhanced by elevated temperatures
(increased dissolution and solubility, predicted in Work Plan)).

# Groundwater concentrations may also be above 500 ug/L in some areas of
TTZ interior because of contribution from perimeter groundwater (i.e.,
extracted groundwater at interior MPE wells originates as a combination of
condensed steam and perimeter groundwater pulled to the interior)

m 100 to 500 ug/L was set as the goal for SEE in the interior based on the
ability of continued biodegradation following EBR to achieve MCLs ~20
years post ROD

m Concentrations above 500 pg/L in the TTZ can be addressed through EBR:

» Depletion of LNAPL in TTZ interior leaves mainly dissolved phase BTEX
Sulfate injected at perimeter will migrate and contribute to reductions in TTZ interior

p=
> EBR treatment of perimeters will reduce further perimeter contributions to TTZ interior
p=

Post-SEE dissolved phase concentrations will be evaluated and sulfate injections within the
TTZ can be performed, if necessar
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